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(57) It is intended to provide a method for determin- 
ing homogenization and/or reaction completion, capa- 
ble of making the measurement time necessary and suf- 
ficient and enhancing the measurement speed, and a 
method for measuring solution concentration using the 



same. According to the method for determining homog- 
enization and/or reaction completion and the method for 
measuring solution concentration using the same, ho- 
mogenization and reaction completion are determined 
based on the optical property of the liquid mixture of a 
test liquid and a reagent liquid. 
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Description 

Technical Field 

[0001] The present invention relates to solution con- 
centration measuring methods and solution concentra- 
tion measuring apparatuses for determining the concen- 
tration of a solute dissolved in a test liquid, for example, 
protein. More specifically, the present invention meas- 
ures the concentration of a specific component con- 
tained in a test liquid, by mixing a reagent liquid into the 
test liquid to change the optical property of the test liquid 
deriving from only the specific component. Particularly, 
by mixing the test liquid and the reagent liquid to coag- 
ulate the protein component, and detecting the de- 
crease in light transmitted through the test liquid after 
the mixing and/or the increase in the intensity of light 
scattered during the propagation through the test liquid, 
the present invention measures the concentration of this 
protein component. 

[0002] The present invention determines that the test 
liquid and the reagent liquid have been sufficiently 
stirred until homogenized, when the relation between 
the elapsed period of time since the mixing and the in- 
tensity of light transmitted through the liquid mixture or 
the intensity of scattered light satisfies a predetermined 
condition. Also, by this, the present invention can simul- 
taneously determine that the reaction between the test 
liquid and the reagent liquid has been completed. In this 
way, by determining homogenization and/or reaction 
completion, it is possible to set the measurement time 
necessary and sufficient, and to reduce the measure- 
ment time. I n the case of not controlling the temperature 
of the liquid mixture of the test liquid and the reagent 
liquid, in particular, the present invention can realize 
high reliability with a necessary and sufficient measure- 
ment time and provide highly practical methods for 
measuring solution concentration. 

Background Art 

[0003] According to conventional methods of meas- 
uring solution concentration, a test liquid and a reagent 
liquid are mixed in a predetermined volume ratio and 
sufficiently stirred until the resultant mixture becomes 
homogeneous, to prepare a liquid mixture. Then, the liq- 
uid mixture is stirred at a predetermined temperature, 
and upon the lapse of a predetermined period of time, 
the optical property of the liquid mixture is measured to 
determine the concentration. In methods of measuring 
the concentration of a specific component by utilizing 
biochemical reactions, such as enzyme reactions and 
antigen-antibody reactions, it is common to set the pre- 
determined temperature to 37 °C, which is close to living 
body temperature. It is also common to set the prede- 
termined period of time to a period of time within which 
the reaction sufficiently reaches completion. Naturally, 
since the rate of a reaction depends on temperature, 



concentration, and the like, a sufficient period of time for 
the completion of the reaction is set in consideration of 
the concentration of the test liquid at the predetermined 
temperature. 

5 [0004] As described above, in conventional practice, 
optical property is measured under conditions wherethe 
liquid mixture is sufficiently stirred until homogenized 
and the reaction would never fail to reach completion. 
That is, sufficient conditions for homogenization and re- 

10 action completion are set. 

[0005] Also, with conventional apparatuses for meas- 
uring solution concentration, a test liquid is retained in 
a sample cell that is structured to propagate light 
through the test liquid. This sample cell is in the form of 

15 a rectangular parallelepiped, made of, for example, 
glass, and has transmission faces that are transparent. 
Thus, light can be propagated through the test liquid. 
When the test liquid and a reagent liquid are introduced 
into the sample cell and mixed, the sample cell is de- 

20 tached from the optical system for measuring optical 
property, and the following operations are performed. 
[0006] Usually, the top part of this sample cell is open, 
and a predetermined volume of a test liquid is introduced 
from the top part using a dropper, a pipette, a syringe, 

25 or the like. Subsequently, a predetermined volume of a 
reagent liquid is mixed thereinto such that the volume 
ratio of the test liquid to the reagent liquid is constant. 
Thereafter, the resultant mixture is sufficiently stirred in 
the sample cell with a stirring stick, stirrer, or the like 

30 until it becomes homogenized, and the whole sample 
cell is kept at a predetermined temperature, for exam- 
ple, in a constant-temperature bath. After the lapse of a 
predetermined period of time, the sample cell is re- 
mounted onto the optical system, and the optical prop- 

35 erty of the liquid mixture in the sample cell is measured. 
[0007] However, there have been problems in that 
conventional solution concentration measuring meth- 
ods involve a large number of processes and conven- 
tional solution concentration measuring apparatuses 

40 are large-scaled. Further, there has been another prob- 
lem of requiring increased measurement time. There- 
fore, there is a demand for solution concentration meas- 
uring apparatuses having a simple structure without a 
constant-temperature bath and the like, as well as solu- 

45 tion concentration measuring methods capable of easy 
automation. 

[0008] Further, there has also been another problem 
in that the processes of loading and unloading the sam- 
ple cell cause a slight change in the position of the op- 
50 tical system, possibly leading to errors in measurement 
results. Furthermore, still another problem has been that 
complicated operations are necessary, and hence, op- 
eration mistakes, etc. tend to occur, thereby resulting in 
poor reliability. 

55 [0009] In consideration of the above-mentioned prob- 
lems, an object of the present invention is to provide a 
highly reliable method of measuring solution concentra- 
tion capable of easy automation, as well as a highly re- 
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liable, small-sized apparatus of measuring solution con- 
centration capable of easy automation. The present in- 
vention further provides a solution concentration meas- 
uring method and a solution concentration measuring 
apparatus which can reduce the time necessary for ho- 
mogenization and/or reaction completion to the requi- 
site minimum, thereby enabling a reduction in measure- 
ment time. 

Disclosure of Invention 

[0010] The present invention relates to a method for 
determining homogenization and/or reaction comple- 
tion, including the steps of: (1) mixing a test liquid and 
a reagent liquid to obtain a liquid mixture; (2) measuring 
an optical property of the liquid mixture after the mixing 
continuously or a plurality of times discretely; (3) obtain- 
ing a relation between the measured value of the optical 
property obtained and the elapsed period of time since 
the start of the measurement after the mixing; and (4) 
determining, on the basis of the relation, whether the 
test liquid and the reagent liquid have been substantially 
homogeneously mixed with each other and/or a reaction 
between the test liquid and the reagent liquid has been 
substantially completed. The steps (1) to (4) are per- 
formed in this order. 

[0011] In this method for determining homogenization 
and/or reaction completion, the step (3) is preferably a 
step of obtaining dS1/dt (wherein S1 is the measured 
value of the optical property obtained and T is the 
elapsed period of time since the start of the measure- 
ment after the mixing), and the step (4) is preferably a 
step of determining that the test liquid and the reagent 
liquid have been substantially homogeneously mixed 
with each other and/or the reaction between the test liq- 
uid and the reagent liquid has been substantially com- 
pleted, when the dS1/dt has continuously been in a pre- 
determined range R1 for a predetermined period of time 
T1 or longer. 

[001 2] Also, the step (3) is preferably a step of obtain- 
ing (dS1/dt)/S1 (wherein S1 is the measured value of 
the optical property obtained and T is the elapsed period 
of time since the start of the measurement afterthe mix- 
ing), and the step (4) is preferably a step of determining 
that the test liquid and the reagent liquid have been sub- 
stantially homogeneously mixed with each other and/or 
the reaction between the test liquid and the reagent liq- 
uid has been substantially completed, when the(dS1/dt) 
/S1 has continuously been in a predetermined range R2 
for a predetermined period of time T2 or longer. 
[0013] Further, the present invention pertains to a 
method for determining homogenization and/or reaction 
completion, including the steps of: (1 ) mixing a test liquid 
and a reagent liquid to obtain a liquid mixture; (2) meas- 
uring an optical property of the test liquid and the liquid 
mixture continuously, or, measuring an optical property 
of the test liquid at least once and measuring an optical 
property of the liquid mixture after the mixing a plurality 



of times discretely; (3) obtaining a relation between the 
measured value of the optical property obtained and the 
elapsed period of time since the start of the measure- 
ment afterthe mixing; and (4) determining, on the basis 
5 of the relation, that the test liquid and the reagent liquid 
have been substantially homogeneously mixed with 
each other and/or the reaction between the test liquid 
and the reagent liquid has been substantially complet- 
ed. The steps (1) to (4) are performed in this order. 

10 [001 4] In the method for determining homogenization 
and/or reaction completion, the step (3) is preferably a 
step of obtaining (dS1/dt)/(S1 -SO) (wherein SO is the 
measured value of the optical property of the test liquid, 
S1 is the measured value of the optical property of the 

15 liquid mixture, and T is the elapsed period of time since 
the start of the measurement after the mixing), and the 
step (4) is preferably a step of determining that the test 
liquid and the reagent liquid have been substantially ho- 
mogeneously mixed with each other and/orthe reaction 

20 between the test liquid and the reagent liquid has been 
substantially completed, when the (dS1/dt)/(S1-S0) has 
continuously been in a predetermined range R3 for a 
predetermined period of time T3 or longer. 
[0015] Furthermore, the present invention is directed 

25 to a method for measuring solution concentration, 
wherein the homogenization of the mixture of the test 
liquid and the reagent liquid and/or the substantial com- 
pletion of the reaction therebetween are determined ac- 
cording to the above-mentioned method for determining 

30 homogenization and/or reaction completion, and then 
the concentration of a specific component of the test liq- 
uid is determined based on the measured value S1 or 
the measured values of SO and S1 . 
[0016] This methodfor measuring solution concentra- 

35 tion preferably includes the step of mixing another rea- 
gent liquid with the test liquid, after determining that the 
test liquid and the reagent liquid have been homogene- 
ously mixed and/orthe reaction therebetween has been 
substantially completed. 

*o [0017] In this case, preferably, another reagent liquid 
is mixed with the test liquid upon the lapse of a prede- 
termined period of time T4 after determining that the test 
liquid and the reagent liquid have been homogeneously 
mixed and/orthe reaction therebetween has been sub- 

45 stantially completed, and the optical property of the liq- 
uid mixture is measured prior to the lapse of the prede- 
termined period of time T4. 

[0018] The present invention also relates to an appa- 
ratus for measuring solution concentration, including: a 

50 light source that irradiates a test liquid with light; a sam- 
ple cell that retains the test liquid; a photosensor 1 that 
detects light transmitted through the test liquid and/or a 
photosensor 2 that detects light scattered while the light 
is propagated through the test liquid; and a computer 

55 that analyzes an output signal of the photosensor 1 and/ 
orthe photosensor 2, wherein based on the above-men- 
tioned method for measuring solution concentration, the 
computer analyzes the output signal of the pohotosen- 
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sor 1 and/or the photosensor 2 to calculate the concen- 
tration of the test liquid. 

[0019] That is, the computer preferably includes con- 
trolling means for measuring an optical property of the 
liquid mixture obtained by mixing a test liquid and a re- 5 
agent liquid continuously or a plurality of times discrete- 
ly, obtaining a relation between the measured value of 
the optical property obtained and the elapsed period of 
time since the start of the measurement after the mixing, 
determining, on the basis of the relation, that the test 10 
liquid and the reagent liquid have been substantially ho- 
mogeneously mixed with each other and/or a reaction 
between the test liquid and the reagent liquid has been 
substantially completed, and determining the concen- 
tration of a specific component in the test liquid based 15 
on the measured value. 

[0020] Also, the controlling means of the computer 
may measure the optical property of the test liquid and 
the liquid mixture continuously, or, it may measure the 
optical property of the test liquid at least once and meas- 20 
ure the optical property of the liquid mixture after the 
mixing a plurality of times discretely. 
[0021] Further, it is preferred that the apparatus for 
measuring solution concentration include an injector 
that injects a reagent liq uid into the test liquid in the sam- 25 
pie cell for mixing and that the injector be controlled by 
the computer or the controlling means. 
[0022] in the apparatus for measuring solution con- 
centration, it is preferred that the optical property of the 
test liquid be measured, using the light source, to deter- 30 
mine the concentration of a specific component in the 
test liquid. 

[0023] It is also preferred to perform stirring by means 
of the mechanical effect produced by the injection of the 
reagent liquid. 35 
[0024] Further, in the above-mentioned method for 
determining homogenization and/or reaction comple- 
tion, method for measuring solution concentration, and 
apparatus for measuring solution concentration, it is 
preferred that a measurement be rendered invalid when 40 
homogenization and/or reaction completion has not 
been determined within a predetermined period of time 
T from the start of the measurement. 
[0025] It is also preferred that when the concentration 
of the analyte in the test liquid is the lowest possible con- 45 
centration, the above-mentioned predetermined period 
of time T satisfy the relation T ^ T5 wherein T5 is the 
elapsed period of time since the start of a measurement 
until homogenization or reaction completion is deter- 
mined by the above-mentioned method for determining 50 
homogenization and/or reaction completion. 
[0026] It is also preferred that the substance that re- 
acts with the analyte be an antibody that specifically re- 
acts and combines with the analyte and that the signal 
related to the optical property that derives from the spe- 55 
cific binding reaction be the turbidity of the liquid mix- 
ture. 

[0027] It is further preferred that the analyte be human 



albumin. 

Brief Description of Drawings 
[0028] 

Fig. 1 is a top view of a solution concentration meas- 
uring apparatus according to Embodiment 1 of the 
present invention; 

Fig. 2 is a partially cross -sectional side view of the 
solution concentration measuring apparatus ac- 
cording to Embodiment 1 of the present invention; 
Fig. 3 is a graph showing the changes overtime in 
the output signal of a photosensors in Embodiment 
3 of the present invention; 

Fig. 4 is a graph showing the rate of change over 
time in the derivative signal of output signal of a pho- 
tosensor 5 in Embodiment 1 of the present inven- 
tion; 

Fig. 5 is a graph obtained by enlarging the ordinate 
around 0 in Fig. 4; 

Fig. 6 is a graph obtained by enlarging the ordinate 
at 0 and greater and enlarging the abscissa around 
14.5 to 16.5 seconds in Fig. 4; 
Fig. 7 is a graph obtained by enlarging the ordinate 
around 0 and enlarging the abscissa around 1 7 to 
20 seconds in Fig. 4; 

Fig. 8 is atop view of a solution concentration meas- 
uring apparatus according to Embodiment 2 of the 
present invention; 

Fig. 9 is a partially cross-sectional side view of the 
solution concentration measuring apparatus ac- 
cording to Embodiment 2 of the present invention; 
Fig. 10 is a graph showing the changes over time 
in the output signal of a photosensor 12 in Embod- 
iment 2 of the present invention; 
Fig. 11 is a graph showing the rate of change over 
time in the derivative signal of output signal of the 
photosensor 12 in Embodiment 2 of the present in- 
vention; 

Fig. 1 2 is a graph obtained by enlargingthe ordinate 
around 0 and enlarging the abscissa around 60 to 
200 seconds in Fig. 11 ; 

Fig 13 is a graph showing the values obtained by 
dividing the derivative signal of output signal of a 
photosensor 12 of Embodiment 3 of the present in- 
vention by the output signal; 
Fig. 14 is a graph obtained by enlargingthe ordinate 
around 0 and enlarging the abscissa around 60 to 
200 seconds in Fig. 13; 

Fig. 15 is a graph in which the ordinate of Fig. 12 is 
logarithmically expressed; 

Fig. 1 6 is a graph showing the dependency of the 
output signal of the photosensor 1 2 used in Embod- 
iments 2 to 3 of the present invention on the protein 
concentration; 

Fig. 17 is a top view of a solution concentration 
measuring apparatus according to Embodiment 5 
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of the present invention; and 
Fig. 18 is a graph showing the changes over time 
in the output signal of a photosensor 12 in Embod- 
iment 5 of the present invention. 

Best Mode for Carrying Out the Invention 

[0029] The present invention relates to a solution con- 
centration measuring method that qualitatively or quan- 
titatively determines an analyte, by mixing a test liquid 
containing the anaiyte with a reagent liquid containing 
a substance that reacts with the analyte, and detecting 
a signal related to the optical property deriving from the 
reaction. 

[0030] The present invention relates to a method for 
determining homogenization and/or reaction comple- 
tion, including the steps of: (1) mixing a test liquid and 
a reagent liquid to obtain a liquid mixture; (2) measuring 
an optical property of the liquid mixture after the mixing 
continuously or a plurality of times discretely, or, meas- 
uring an optical property of the test liquid and the liquid 
mixture continuously, or, measuring an optical property 
of the test liquid at least once and measuring an optical 
property of the liquid mixture after the mixing a plurality 
of times discretely; (3) obtaining a relation between the 
measured value of the optical property obtained and the 
elapsed period of time since the start of the measure- 
ment after the mixing; and (4) determining, on the basis 
of the relation, whether the test liquid and the reagent 
liquid have been substantially homogeneously mixed 
with each other and/or a reaction between the test liquid 
and the reagent liquid has been substantially complet- 
ed. 

[0031] The present invention also provide a solution 
concentration measuring method and a solution con- 
centration measuring apparatus using this method for 
measuring homogenization and/or reaction completion. 
[0032] Referring now to drawings, various embodi- 
ments of the present invention are described below. 

Embodiment 1 

[0033] Referring to Figs. 1 and 2, Embodiment 1 of 
the present invention is detailed below. Fig. 1 is a top 
view of a solution concentration measuring apparatus 
according to Embodiment 1 of the present invention. 
Fig. 2 is a partially cross-sectional side view of the so- 
lution concentration measuring apparatus according to 
Embodiment 1 of the present invention. In Figs. 1 and 
2, the skeletal part of a sample cell 1 is composed of an 
aluminum container that is in the form of a rectangular 
parallelepiped and has an opening at the top. A glass 
plate, serving as an optical window, is fitted into a pair 
of side faces of the sample cell 1 to form an optical path, 
so that light can be transmitted through a test liquid (or 
a liquid mixture of a test liquid and a reagent liquid) re- 
tained in the sample cell 1 . In Fig. 1 , the distance be- 
tween the optical windows (optical length), which is the 



distance in the direction of light propagation in the sam- 
ple cell 1 , is represented by A, and the distance in the 
direction perpendicular to the direction of light propaga- 
tion in the sample cell 1 is represented by B. In this em- 
5 bodiment, A and B are set to 0.8 cm and 0 .4 cm, respec- 
tively, as a representative example to explain the 
present invention. 

[0034] As illustrated in Fig. 1 , an injection port 2 is pro- 
vided in the edge of the side face of the sample cell 1 

10 having no optical window, and the internal diameter (di- 
ameter) of the injection port 2 is 0.1 cm. As illustrated in 
Fig. 2, the center of the vertical section of the injection 
port 2 is positioned at a distance x from the bottom face 
of the sample cell 1 and at a distance z from the optical 

15 window. Injection direction 10 is parallel to the faces 
having the optical windows and perpendicular to the di- 
rection of light propagation. In this embodiment, x and 
y are set to 0.4 cm and 0.1 cm, respectively, as a rep- 
resentative example to explain the present invention. 

20 [0035] A semiconductor laser module 3, which is a 
light source, projects substantially parallel light 4 onto 
the test liquid in the sample cell. The substantially par- 
allel light 4 has a wavelength of 780 nm, an intensity of 
3.0 mW, and a beam diameter of 0.2 cm. The optical 

25 axis of this substantially parallel light 4 is parallel to the 
bottom face of the sample cell 1 and positioned at a dis- 
tance of 0.4 cm from the bottom face. Therefore, the op- 
tical axis and the injection port 2 are positioned at the 
same height from the bottom face, and the optical axis 

30 of the substantially parallel light 4 and the injection axis 
extending from the center of the section of the injection 
port 2 in the injection direction 10 have a point of inter- 
section in the solution in the sample cell 1 . 
[0036] A photosensor 5 is a photosensor which de- 

35 tects light that has been transmitted through the test liq- 
uid. A pump 6 injects a reagent liquid from the injection 
port 2 into the test liquid in the sample cell 1 . A computer 
7 analyzes the output signal of the photosensor 5 and 
controls the pump 6. An arrow 8 schematically indicates 

*o the direction of the vortex that occurs in the sample cell 
1 when the reagent liquid is injected from the injection 
port 2. Also, the lowest part of liquid level 9 of the test 
liquid is positioned at a height h from the bottom face of 
the sample cell 1 . In the present invention, the liquid lev- 

45 el is defined as the level that is in contact with the lowest 
part of the liquid level 9 and parallel to the horizontal 
level. According to this definition, the injection direction 
is parallel to the liquid level in this embodiment. 
[0037] The sample cell 1 has inner wall corners that 

50 are rounded. That is, the corners of the sample cell 1 
are not right-angled in a strict sense. Thus, when h = 
0.8 cm, the sample cell 1 contains about 0.25 ml of the 
test liquid. 

[0038] In this embodiment, a dispersion obtained by 
55 homogeneously dispersing polystyrene fine particles 
having a mean diameter of 20 nm in pure water is 
charged into the sample cell 1 as the test liquid. The 
whole test liquid is homogeneously turbid. 
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[0039] First, the mechanism of injecting pure water in- 
to this test liquid is described. The polystyrene fine par- 
ticles have a specific gravity close to that of pure water, 
and their particle size is also small. Thus, once they 
have been fully homogeneously dispersed in pure wa- 
ter, phenomena such as separation and precipitation do 
not occur during the period of time in which the method 
according to the present invention is carried out. How- 
ever, if they have not been homogeneously dispersed 
due to insufficient stirring, such phenomena may occur. 
[0040] When pure water is injected into this test liquid, 
the polystyrene fine particles diffuse therethrough, so 
that the concentration of the polystyrene fine particles 
lowers. Consequently, the degree of opacity of the 
whole test liquid, i.e., turbidity, lowers. This turbidity is 
measured as the intensity of transmitted light by detect- 
ing the output signal of the photosensor 5. 
[0041] In this way, the change in the turbidity of the 
liquid containing fine particles due to diffusion involves 
no chemical reaction. Therefore, the turbidity of the 
whole test liquid depends solely on the degree of diffu- 
sion of the polystyrene fine particles, and hence, there 
is no need to take reaction speed into consideration. 
That is, the fact that the turbidity has been stabilized at 
a certain value means that the fine particles have been 
sufficiently spread throughout the liquid and homogene- 
ously dispersed. 

[0042] From these, observing the turbidity by mixing 
a liquid containing fine particles as a reagent liquid with 
a test liquid is convenient in verifying the stirring effect. 
In this embodiment, the present invention is simplified 
for the purpose of explanation by selecting only the re- 
sult of determination of the homogenization attained by 
the stirring of the present invention. 
[0043] The operations of this embodiment were con- 
ducted as follows: 

[0044] First, the test liquid containing the polystyrene 
fine particles was introduced into the sample cell 1 . At 
this time, the volume of the test liquid introduced was 
0.25 ml. The computer 7 was started to measure 
(record) the output signal of the photosensor 5. The 
changes over time in the output signal of the photosen- 
sor 5 after the start of the measurement following the 
introduction are shown in Fig. 3. 

[0045] In Fig. 3, the elapsed period of time since the 
start of measurement of the output signal is plotted in 
abscissa, and the output signal of the photosensor 5 is 
plotted in ordinate. At an elapsed time of 10 seconds, 
the computer 7 controlled the pump 6 so that pure water 
was injected from the injection port 2 over 2 seconds. 
The changes in the output signal of the photosensor 5 
in the case of pure water injection, as described, are 
shown by solid lines in Fig. 3. In Fig. 3, "a", "b", "c", and 
"d" show the changes in the output signal of the photo- 
sensor 5 resulting from the injection of 0.1 ml of pure 
water, 0.07 ml of pure water, 0.05 ml of water, and 0.03 
ml of pure water, respectively. 

[0046] In this figure, for 2 to 3 seconds from the start 



of the pure water injection, i.e., the elapsed time of 10 
seconds since the start of the recording, the flux of the 
injected pure water itself entered the optical path of the 
substantially parallel light 4. As a result, the intensity and 

s the propagation direction of transmitted light were dis- 
turbed, causing a violent change in the output signal of 
the photosensor 5. In Fig. 3, the amplitude of the change 
is illustrated as the hatched area, and the output signal 
changed between 0.6 to 1 .4 V. Even when the same vol- 

10 ume of pure water was injected, the amplitude of the 
change was shown in this area, though the details of the 
change were not confirmed. Since the concentration of 
the polystyrene particles lowered depending on the 
amount of pure water injected, the turbidity also de- 

15 creased depending on the amount of injection. 

[0047] When the injected amounts of pure water were 
0.1 ml, 0.07 ml, and 0.05 ml, as shown by the solid lines 
"a", "b", and "c" of Fig. 3, respectively, the resultant out- 
put signals were commensurate with the respective 

20 amounts of injection , and the output signals themselves 
were stabilized. This is because the injection of pure wa- 
ter produced a vortex in the test liquid, which allowed 
the liquid mixture of the test liquid and the pure water to 
be sufficiently stirred until it became homogenized. The 

25 homogenization could also be confirmed by visual ob- 
servation. On the other hand, when the amount of injec- 
tion was 0.03 ml, the output signal was not stabilized, 
as shown by the solid line "d". This is because the liquid 
mixture of the test liquid and the pure water was stirred 

30 insufficiently and was not stirred until homogenized. The 
inconsistencies in the concentration of the polystyrene 
fine particles could also be confirmed by visual obser- 
vation. 

[0048] As described above, the solid lines "a" to "c" 

35 represented the cases where the liquid mixture of the 
test liquid and the pure water was sufficiently stirred until 
homogenized, while the solid line "d" represented the 
case where the liquid mixture could not be sufficiently 
stirred until homogenized. 

40 [0049] Conventionally, in measuring the optical prop- 
erty of a test liquid, such as turbidity, from the output 
signal of the photosensor 5, one had to wait for the lapse 
of a period of time within which the output signal of the 
photosensor5 became sufficiently stabilized. After the 

45 lapse of that period of time, one analyzed the output sig- 
nal of the photosensor 5. For example, the output signal 
of the photosensor 5 at an elapsed time of 60 seconds 
since the start of the recording was used. In the case of 
the solid line "d" according to the present invention, how- 

50 ever, an accurate measurement of the optical property 
was not possible, because the liquid mixture had not 
been homogenized. Hence, there was a need to addi- 
tionally make visual observations to confirm the homog- 
enization. 

55 [0050] Contrary to such conventional art, the method 
of the present invention, which will be described below, 
determines whether or not the liquid mixture has been 
sufficiently stirred, i.e., whether or not the liquid mixture 
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has become homogenized, based on the optical prop- 
erty of the liquid mixture : i.e., the output signal of the 
photosensor 5. Summing up, this method is an example 
of being able to reduce the measurement time by setting 
the waiting time from the start of a measurement until 
obtaining the result necessary and sufficient. 
[0051 ] First, the maximum period of time within which 
a measurement is performed is set in advance. This pe- 
riod refers to the longest waiting period of time from the 
start of the measurement until obtaining the result, and 
if a measurement takes more than this maximum period 
of time, this measurement is rendered invalid. This pre- 
set period of time is referred to as a predetermined pe- 
riod of time T. 

[0052] According to this method, homogenization is 
determined when the amount of change in an output sig- 
nal S1 of the photosensor 5 per unit time, i.e., a deriva- 
tive signal dS1/dt p has continuously been in a predeter- 
mined range R1 for a predetermined period of time T1 
within the predetermined period of time T 
[0053] Specifically, the liquid mixture is determined as 
having been homogenized when dS1/dt [V/S] has con- 
tinuously been in a predetermined range R1 represent- 
ed by formula (1 ) for a predetermined period of time T1 
(1.5 seconds) or longer within a predetermined period 
of time T (60 seconds) after the start of a measurement. 

-5 X 10" 4 ^ dS1/dt 55>: 10" 4 (1) 

It should be noted that if the predetermined period of 
time T, which corresponds to the longest waiting period 
of time, is not properly set, the derivative signal dS1/dt 
may be in the predetermined range R1 for the predeter- 
mined period of time T1 , even if the liquid mixture has 
not been homogenized due to insufficient stirring, par- 
ticularly even if pure water regions are separated from 
fine particle regions. Thus, there is a possibility of mak- 
ing a wrong determination that the liquid mixture has 
been homogenized. 

[0054] Fig. 4 shows the derivative signal of output sig- 
nal of the photosensors. The solid lines "a" to "d" of Fig. 
3 correspond to the derivative values (dS/dt) of the sig- 
nal intensities represented by the solid lines "a" to "c" 
and the dotted line "d" of Fig. 4, respectively. In Fig. 4, 
in the same manner as in Fig. 3, during the period of 
about 2 seconds or more from the elapsed time of 10 
seconds at which the injection of pure water was started, 
the flux of the injected pure water itself entered the op- 
tical path of the substantially parallel light 4. As a result, 
the intensity and the propagation direction of transmitted 
light were disturbed, causing a violent change in the de- 
rivative signal of output signal of the photosensors. In 
Fig. 4, the solid lines "a" to "c" appeared to coincide with 
one another. Thus, a graph was prepared by enlarging 
the ordinate of Fig. 4 around 0 (Fig. 5). Fig. 5 showed 
that the solid lines "a" to "c" asymptotically approached 



zero, and that the broken line "d" largely swayed toward 
the minus side before going through the minimum value. 
However, in Fig. 5, the solid lines "a" to "c" also ap- 
peared to coincide with one another. 

5 [0055] Thus, Fig. 6 showed a graph obtained by en- 
larging the ordinate at zero and greater and enlarging 
the abscissa around 14.5 to 16.5 seconds in Fig. 4. In 
Fig. 6, A corresponds to "a", ■ corresponds to "b", and 
# corresponds to "c". As is clear from Fig. 6, "a" to "c" 

10 asymptotically approached zero. 

[0056] For the condition for determining homogeniza- 
tion, a point of time when the derivative signal dS1/dt of 
output signal of the photosensor 5 has continuously 
been in the predetermined range R1 represented by for- 

15 muta (1) for the predetermined period of time T1 (1 .5 
seconds) or longer within the predetermined period of 
time T (60 seconds) after the start of a measurement 
was found as follows. 

[0057] The derivative signal dS1 /dt of output signal of 
20 the photosensor 5 became 5 x 10" 4 [V/S] or less from 
an elapsed time of 14.79 seconds for "a", from an 
elapsed time of 14.88 seconds for "b", and from an 
elapsed time of 1 4.92 seconds for "c". After these points 
in time, since "a" to "c" asymptotically approached zero, 
25 the derivative signal was in the predetermined range R1 
as expressed by formula (1). 

[0058] Therefore, in Fig. 6, if the point of the lapse of 
1.5 seconds from the point when the derivative signal 
dS/dt fell within the predetermined range R1 expressed 

30 by formula (1 ) is within the predetermined period of time 
(T = 60 seconds) from the start of the measurement, the 
liquid mixture could be determined as having been ho- 
mogenized at an elapsed time of 15 seconds. Specifi- 
cally, for "a", homogenization could be determined at an 

35 elapsed time of 1 6.29 seconds. For "b", homogenization 
could be determined at an elapsed time of 16.38 sec- 
onds. For "c", homogenization could be determined at 
an elapsed time of 1 6.42 seconds. 
[0059] Meanwhile, a graph was prepared by enlarging 

40 the ordinate of Fig. 4 around 0 and enlarging the abscis- 
sa at elapsed times of 17 to 20 seconds (Fig. 7). As 
shown in Fig. 7, the derivative signal dS1/dt of output 
signal of the photosensor 5 is in the predetermined 
range R1 expressed by formula (1 ) from an elapsed time 

45 of 17.69 seconds until an elapsed time of 18.71 sec- 
onds. In this case, since the derivative signal was within 
theR1 only for 1.02 seconds (=18.71 - 1 7.69), the liquid 
mixture could not be determined as having been homog- 
enized. Also, the liquid mixture according to "d" was de- 

50 termined as not having been homogenized, because, 
as is clear from Fig. 5, the derivative signal does not fall 
within the range R1 at least until the point of the lapse 
of the predetermined period of time (T = 60 seconds) 
after the start of the measurement. By using such de- 

55 termination condition, it was possible to adequately de- 
termine whether or not the liquid mixture had been suf- 
ficiently stirred and homogenized. 
[0060] In measuring the optical property of a test liq- 
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uid, such as turbidity, from the output signal of the pho- 
tosensor 5, the output signal of the photosensor 5 at the 
point when homogenization was determined may be an- 
alyzed, as described above. Specifically, for "a", the out- 
put signal of the photosensor 5 at the elapsed time of 
1 6.29 seconds may be used, and for "b", the output sig- 
nal of the photosensor 5 at the elapsed time of 16.38 
seconds may be used. Also, for "c", the output signal of 
the photosensor 5 at the elapsed time of 1 6.42 seconds 
may be used. Accordingly, the optical property can be 
measured in a necessary and sufficient measurement 
time while the accuracy is assured, so that the meas- 
urement time can be reduced. Further, misoperations 
due to insufficient homogenization can be avoided. 
[0061] It is needless to say that the condition for de- 
termining homogenization is not limited to the above- 
described condition. That is, T, T1, and the predeter- 
mined range R expressed by formula (1 ) may be set as 
appropriate, according to various conditions such as the 
size of the fine particles, the density of the particle, the 
injection speed, the arrangement of the optical system, 
the accuracy required, the measurement time, the cali- 
bration curb, etc. Also, in calculating the concentration 
of a specific component of a test liquid, the computer 7 
analyzes the output signal of the photosensor 5 at the 
point when homogenization was determined, while re- 
ferring to the pre-set calibration curb, in order to calcu- 
late the concentration of the test liquid. 
[0062] As described above, according to this embod- 
iment, the degree of stirring of the liquid mixture and ho- 
mogenization can be determined with the sample cell 
mounted on the optical system. Further, since the time 
needed for a measurement is necessary and sufficient, 
time can be saved. Accordingly, while the process can 
be simplified, misoperations are unlikely to occur. These 
practical effects are extremely large, thereby making it 
possible to enhance the efficiency of measurements 
and tests and to achieve labor-savings thereof. 

Embodiment 2 

[0063] Referring now to Figs. 8 and 9, Embodiment 2 
of the present invention is described in detail below. In 
Figs. 8 and 9, the constituent elements represented by 
reference characters 1 to 10 are the same as the con- 
stituent elements represented by reference characters 
1 to 1 0 in Figs. 1 and 2 used for describing the foregoing 
Embodiment 1 , and they function in the same manner. 
It should be noted, however, that the light projected and 
scattered in a test liquid or a liquid mixture is detected 
in this embodiment. 

[0064] Scattered light 11 that arises while the sub- 
stantially parallel light 4 is propagated through a test liq- 
uid is detected by a photosensor 12. The output signal 
of the photosensor 1 2 corresponds to the intensity of the 
scattered light 11 and is analyzed by the computer 7. 
[0065] In this embodiment, the concentration of pro- 
tein in a test liquid is measured, using a solution con- 



taining protein as the test liquid and a reagent liquid of 
sulfosalicylic acid (a reagent obtained by dissolving so- 
dium sulfate in an aqueous solution of 2-hydroxy-5-sul- 
fobenzoic acid) as the reagent liquid. In this case, when 

5 the test liquid and the reagent liquid of sulfosalicylic acid 
are mixed together, the protein component of the test 
liquid coagulates, thereby making the resultant whole 
liquid mixture turbid. Thus, by measuring the degree of 
opacity, i.e., turbidity, the protein concentration can be 

10 determined. The turbidity is measured as the intensity 
of scattered light, i.e., the output signal of the photosen- 
sor 12. The higher the protein concentration, the higher 
the turbidity, and the greaterthe output signal of the pho- 
tosensor 12. 

15 [0066] In calculating the protein concentration, the 
turbidity of a standard solution of a known concentration, 
i.e., the output signal of the photosensor 12, is meas- 
ured in advance, and based on this, a calibration curb 
is prepared. Then, the turbidity of a test liquid of an un- 

20 known concentration is measured, and the concentra- 
tion is calculated by referring to the prepared calibration 
curb. 

[0067] In this embodiment, the optical property, i.e., 
the property change in turbidity, is influenced not only 
25 by the stirring effect but also by the reaction (coagula- 
tion) property, unlike the foregoing Embodiment 1 . 
[0068] The operations of this embodiment were per- 
formed as follows: 

[0069] First, an aqueous solution with a protein con- 

30 centration of 100 mg/dl was introduced as a test liquid 
into the sample cell 1 . At this time, the volume of the test 
liquid introduced was 0.25 ml. The computer 7 was start- 
ed to record the output signal of the photosensor 12. 
The changes over time in the output signal of the pho- 

35 tosensor 1 2 after the start of the recording following the 
introduction are shown by • in Fig. 10. 
[0070] In Fig. 1 0, the elapsed period of time since the 
start of measurement of the output signal is plotted in 
abscissa, and the output signal of the photosensor 12 

40 is plotted in ordinate. At an elapsed time of 20 seconds 
since the start of the measurement, the computer 7 con- 
trolled the pump 6 so that 0.05 ml of the reagent liquid 
of sulfosalicylic acid was injected from the injection port 
2 over 2 seconds. 

45 [0071] Likewise, 0.25 ml of an aqueous solution with 
a protein concentration of 30 mg/dl, 10 mg/dl, or 0 mg/ 
dl was introduced into the sample cell 1 . At an elapsed 
time of 20 seconds since the start of the measurement, 
0.05 ml of the reagent liquid of sulfosalicylic acid was 

50 injected. The output signals of the photosensor 12 for 
the aqueous solutions having the concentrations of 30 
mg/dl, 10 mg/dl, and 0 mg/dl, respectively, are shown 
by ■, x, and Oin Fig. 10. 

[0072] In Fig. 10, the output signals as shown by #, 
55 ■, x, and O changed largely near the point when the 
reagent liquid was injected, and this was attributed to 
the invasion of theflux of the injected reagent liquid itself 
on the optical path of the substantially parallel light 4. 
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This was because the refractive index of the protein 
aqueous solution, which is a test liquid, is different from 
that of the aqueous solution of sulfosalicylic acid,- and 
hence, the resultant local unevenness caused a large 
change in the intensity of the scattered light. Further, 
this was also because the injection caused fine particles 
such as bubbles to enter the optical path, thereby caus- 
ing a large change in the intensity of the scattered light. 
The region of this large change was shown by hatching. 
From the start of the measurement until the elapsed time 
of 20 seconds at which the injection was started, all of 
the respective solid lines and the dotted line coincided 
with one another, so this period was illustrated as only 
one solid line. 

[0073] In calculating the concentration of a specific 
component of a test liquid, the computer 7 analyzes the 
output signal of the photosensor 12 after the mixing of 
the reagent liquid represented by this solid line, while 
referring to the previously prepared calibration curb, in 
order to calculate the concentration of the test liquid. In 
the above operations, since the same volume of the re- 
agent liquid is injected into the same volumes of the test 
liquids over the same period of time, the homogeniza- 
tion by stirring proceeds in the same manner. However, 
as is clearfrom Fig. 1 0, it takes a different period of time 
for each output signal to reach saturation, i.e., to be- 
come stabilized. This is because the reaction speed is 
different according to the protein concentration. 
[0074] In such cases, conventionally, the concentra- 
tion was calculated, using a test liquid that required the 
longest period of time for the stabilization of the output 
signal. That is, in the case of a test liquid having a lowest 
protein concentration to be possibly detected, the output 
signal was measured at a point in time until which the 
output signal was expected to have been sufficiently sta- 
bilized, and the concentration of the test liquid was cal- 
culated using the measured output signal. Such a meth- 
od has a problem of requiring a long measurement time 
even if the measurement can be completed within a 
short period of time because of high reaction speed. Fur- 
ther, in the case of high protein concentrations and high 
reaction speeds, if an unnecessarily long period of time 
elapses, the coagulated protein may start precipitating 
to cause a change in the intensity of scattered light, 
thereby impairing the accuracy. Also, since the reaction 
speed is dependent on temperature as well, there was 
a need to perform a measurement at a constant temper- 
ature. 

[0075] Hence, in the following, this embodiment de- 
scribes the method of the present invention that not only 
calculates the concentration but also determines the 
completion of a reaction, based on the output signal of 
the photosensor 1 2. This embodiment can set the meas- 
urement time necessary and sufficient, thereby enabling 
a substantial increase in measurement speed. In addi- 
tion, this embodiment needs no temperature control and 
can prevent a degradation in accuracy due to the pre- 
cipitation phenomenon and the like. In such cases as 



described above, sufficient completion of a reaction (the 
stability of the output signal) is determined based on the 
optical property of the solution (the output signal of the 
photosensor 12). 

5 [0076] First, the maximum period of time within which 
a measurement is performed is set in advance. This pe- 
riod refers to the longest waiting period of time from the 
start of the measurement until obtaining the result, and 
if a measurement takes more than this maximum period 

to of time, this measurement is rendered invalid. This pre- 
set period of time is referred to as a predetermined pe- 
riod of time T. 

[0077] According to this method, homogenization is 
determined when the amount of change in an output sig- 

15 nal S1 of the photosensor 12 per unit time, i.e., a deriv- 
ative signal dS1/dt, has continuously been in a prede- 
termined range R1 for a predetermined period of time 
T1 within the predetermined period of time T. 
[0078] Specifically homogenization is determined 

20 when dS1 /dt [V/S] has continuously been in a predeter- 
mined range R1 represented by formula (2) for a prede- 
termined period of time T1 (10 seconds) or longer within 
a predetermined period of time T (200 seconds) after 
the start of a measurement. 

25 

- 1 x 1 0" 4 ^ dS1/dt ^ 1 x 10" 4 (2) 

[0079] In Fig. 1 1 , the derivative signal of output signal 
30 of the photosensor 1 2 was plotted in ordinate. •, ■, and 
x of Fig. 11 correspond to the derivative signals repre- 
sented by •, ■, and x of Fig. 10, respectively. In Fig. 
11 , in the same manner as in Fig. 1 0, during the period 
of about 2 seconds or more from the elapsed time of 20 
35 seconds at which the injection of the reagent liquid was 
started, the flux of the injected reagent liquid itself en- 
tered the optical path of the substantially parallel light 4. 
As a result, the intensity of the scattered light was dis- 
turbed, causing a violent change in the output signal of 
40 the photosensor 12. In Fig. 11, Owas omitted, since it 
looks like substantially zero. 

[0080] Since the details of Fig. 11 are not readable, a 
graph was prepared as Fig. 1 2 by enlarging the ordinate 
of Fig. 11 around 0 and enlarging the abscissa at 60 to 

45 200 seconds. Figs. 11 and 12 indicate that the derivative 
signal of output signal of the photosensor 12 was in the 
order of •> ■> x immediately after the injection of the 
reagent liquid, but after an elapsed time of about 120 
seconds, this sequence was totally reversed, so that the 

50 derivative signal was in the order of x > ■ > Then, 
all of • , ■, and x asymptotically approached zero. 
[0081] For the condition for determining the comple- 
tion of a reaction, a point of time when the derivative 
signal dS1/dt of output signal of the photosensor 12 has 

55 continuously been in the predetermined range R1 rep- 
resented by formula (2) for the predetermined period of 
time T1 (1 0 seconds) or longer within the predetermined 
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period of time T (200 seconds) after the start of a meas- 
urement was found from Fig. 12 as follows. 
[0082] The derivative signal dS1/dt of output signal of 
the photosensor 1 2 became 1 x 1 o -4 [V/S] or less from 
an elapsed time of 77 seconds for from an elapsed 5 
time of 135 seconds for ■, and from an elapsed time of 
166 seconds for x. After these points in time, since # , 
■, and x asymptotically approached zero, the derivative 
signal was in the predetermined range R1 as expressed 
by formula (2). 10 
[0083] Therefore, in Fig. 12, if the point of the lapse 
of 1 0 seconds from the point when the derivative signal 
dS/dt fell within the predetermined range R1 expressed 
by formula (2) is within the predetermined period of time 
T (200 seconds) after the start of the measurement, the 15 
reaction could be determined as having been completed 
at an elapsed time of 200 seconds. Specifically, for 
reaction completion could be determined at an elapsed 
time of 87 seconds. For m. reaction completion could be 
determined at an elapsed time of 145 seconds. For x, 20 
reaction completion could be determined at an elapsed 
time of 176 seconds. By using the determination condi- 
tion of the above example, it was possible to adequately 
determine whether or not the reaction had been com- 
pleted. 25 
[0084] In measuring the turbidity of a test liquid from 
the output signal of the photosensor 12 to calculate the 
protein concentration, the output signal of the photosen- 
sor 1 2 at the point when the reaction completion was 
determined may be analyzed, as described above. Spe- 30 
cifically, for the output signal of the photosensor 12 
at the elapsed time of 87 seconds is used, and for Wt 
the output signal of the photosensor 12 at the elapsed 
time of 145 seconds is used. For x, the output signal of 
the photosensor 1 2 at the elapsed time of 1 76 seconds 35 
is used. In preparing a calibration curb, the same con- 
dition as described above may be used for preparation. 
[0085] Fig. 16 shows the dependency of the output 
signal of the photosensor 12 on the protein concentra- 
tion. The solid line represents the output signal at an *o 
elapsed time of 200 seconds, and 4- represents the out- 
put signal at an elapsed time of 90 seconds. A repre- 
sents the output signal at the point when the reaction 
completion was determined under the above condition, 
i.e., the output signal at the elapsed time of 1 76 seconds 45 
for 10 mg/dl, the output signal at the elapsed time of 1 45 
seconds for 30 mg/dl, and the output signal at the 
elapsed time of 87 seconds for 1 00 mg/dl. As can be 
seen from Fig. 16, in the case of the detenni nation of 
reaction completion as represented by A, the accuracy 50 
was retained at the respective concentrations; however, 
in the case of the output signal at the elapsed time of 90 
seconds as represented by +, the lower the concentra- 
tion, the lower the accuracy. 

[0086] As described above, according to this embod- 55 
iment, the concentration can be measured in a neces- 
sary and sufficient measurement time while the accura- 
cy is ensured, so that the measurement time can be 



shortened. Further, the degradation in accuracy due to 
insufficient completion of the reaction can be avoided. 
[0087] It is needless to say that the condition for de- 
termining the completion of a reaction is not limited to 
the above-described condition. That is, T, T1, and the 
predetermined range R1 expressed by formula (2) may 
be set as appropriate, according to various conditions 
such as the kind of the reagent liquid, the injection 
speed, the arrangement of the optical system, the ac- 
curacy required, the measurement time, the calibration 
curb, etc. Also, in calculating the concentration of a spe- 
cific component of a test liquid, the computer 7 analyzes 
the output signal of the photosensor 12 at the point when 
the reaction completion was determined, while referring 
to the pre-set calibration curb, in order to calculate the 
concentration of the test liquid. In preparing a calibration 
curb, the same condition as described above may be 
used for preparation. Also, it may be prepared by grasp- 
ing the whole characteristics of changes over time in 
output signal responsive to standard solutions of known 
concentrations, which corresponds to Fig. 1 0, and using 
the output signal at the point when reaction completion 
was determined. 

[0088] As described above, according to this embod- 
iment, the degree of reaction completion can be deter- 
mined with the sample cell mounted on the optical sys- 
tem. Further, since the time needed for a measurement 
is necessary and sufficient, time can be saved. Accord- 
ingly, while the process can be simplified, misoperations 
are unlikely to occur. These practical effects are ex- 
tremely large, thereby making it possible to enhance the 
efficiency of measurements and tests and to achieve la- 
bor-savings thereof. 

[0089] This embodiment has described an example in 
which the turbidity is measured by detecting, by means 
of the photosensor 12, the light that is scattered while 
the substantially parallel light 4 is propagated through 
the solution. However, when the turbidity is measured 
as the intensity of transmitted fight (the output signal of 
the photosensor 5), the same operations are also pos- 
sible, and highly accurate measurements can be real- 
ized in the same manner. 

[0090] In this case, however, the higher the protein 
concentration, the higher the turbidity, and the smaller 
the output signal of the photosensor 5. Also, the deriv- 
ative signal dS1/dt of output signal of the photosensor 
5 asymptotically approached zero from minus values. In 
this way, when the reaction completion is determined 
using the intensity of transmitted light, T, T1, and the 
predetermined range R1 expressed by formula (2) may 
also be set as appropriate, according to various condi- 
tions such as the kind of the reagent liquid, the injection 
speed, the arrangement of the optical system, the ac- 
curacy required, the measurement time : the calibration 
curb, etc. 

[0091] Also, the derivative signal of the output signal 
may be obtained with an analogue circuit, or, it may be 
obtained by measuring a plurality of times at appropriate 
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intervals of time and performing differential analysis, in 
the above case, the output signal monotonously in- 
creased or monotonously decreased. However, even if 
it decreases in an oscillating manner or increases in an 
oscillating manner, the methods according to the 5 
present invention are applicable in the same manner. 

Embodiment 3 

[0092] In this embodiment, a different method of de- 10 
termining the completion of a reaction is described using 
the apparatus having the structure as illustrated in Figs. 
8 and 9 used in the foregoing Embodiment 2. In the 
same manner as in Embodiment 2, the output signal of 
the photosensor 1 2 as illustrated in Figs. 1 0 and 1 6 was 15 
used to calculate and determine the concentration. 
However, unlike Embodiment 2, (dS1/dt)/S1 was used 
in this embodiment as an index to evaluate whether or 
not it was in a predetermined range R2. 
[0093] In Embodiment 2, dS1/dt was used as the eval- 20 
uation index. In this case, if S1 is relatively small, i.e.. if 
the concentration of a test liquid is in a lower range, 
dS1/dt itself becomes small. Accordingly, in the case of 
a low concentration test liquid, the reaction may be mis- 
takenly determined as having been completed even if 25 
the degree of reaction completion is low. Therefore, in 
this embodiment, the value obtained by dividing dS1/dt 
by the output signal S1 , i.e., (dS1/dt)/S1 , is used as the 
evaluation index to determine reaction completion. 
[0094] First, the maximum period of time within which 30 
a measurement is performed is set in advance. This pe- 
riod refers to the longest waiting period of time from the 
start of a measurement until obtaining the result, and if 
a measurement takes more than this maximum period 
of time, this measurement is rendered invalid. This pre- 35 
set period of time is referred to as a predetermined pe- 
riod of time T. 

[0095] According to this method, homogenization is 
determined when the value obtained by dividing the 
amount of change in an output signal S1 of the photo- 
sensor 12 per unit time by the output signal S1, i.e., 
(dS1/dt)/S1 , has continuously been in a predetermined 
range R2 for a predetermined period of time T2 within 
the predetermined period of time T 

[0096] Specifically, the liquid mixture is determined as 45 
having been homogenized when (dS1/dt)/S1 [V/S] has 
continuously been in a predetermined range R2 repre- 
sented by formula (3) for a predetermined period of time 
T2 (10 seconds) or longer, within a predetermined peri- 
od of time T (200 seconds) after the start of a measure- 50 
ment. 

-5 X 10' 4 ^ (dS1/dt)/S1 £5X 10~ 4 (3) 

55 

[0097] In Fig. 13, the value obtained by dividing the 
derivative signal of output signal of the photosensor 1 2 



by the output signal is plotted in ordinate. ■ and x 
of Fig. 1 3 correspond to the values obtained by dividing 
the derivative signals represented by •, and x of Fig. 
10, respectively, by the output signals. In Fig. 13, in the 
same manner as in Fig. 10, during the period of about 
2 seconds or more from the elapsed time of 20 seconds 
at which the injection of the reagent solution was started, 
the flux of the injected reagent liquid itself entered the 
optical path of the substantially parallel light 4, so that 
the intensity of scattered light was disturbed. As a result, 
(dS1/dt)/S1 changed violently. In Fig. 13, 0 was omitted, 
since it looks like substantially zero. Since the details of 
Fig. 13 are not readable, Fig. 14 was prepared by en- 
larging the ordinate around 0 and enlarging the abscissa 
around 60 to 200 seconds. Figs. 13 and 14 show that 
the derivative signal of output signal of the photosensor 
1 2 was in the order of X > ■ > • immediately after the 
injection of the reagent liquid, and that they asymptoti- 
cally approached zero. 

[0098] For the condition for determining the comple- 
tion of a reaction, a point of time when the derivative 
signal dS1 /dt/S1 has continuously been in the predeter- 
mined range R2 represented by formula (3) for the pre- 
determined period of time T1 (10 seconds) or longer 
within the predetermined period of time T (200 seconds) 
after the start of a measurement was found from Fig. 14 
as follows. 

[0099] (dS1/dt)/S1 became 5 x 1 0~ 4 [V/S] or less from 
an elapsed time of 69 seconds for • and from an 
elapsed time of 1 48 seconds for M However, for x , even 
after an elapsed time of 200 seconds, (dS1/dt)/S1 did 
not fall to 5 x 10" 4 [V/S] or less. After 200 seconds, • 
and ■ asymptotically approached zero, being in the pre- 
determined range R3 as expressed by formula (3). 
Therefore, if the point of the lapse of 1 0 seconds from 
the point when it fell within the predetermined range ex- 
pressed by formula (3) is within the predetermined pe- 
riod of time T (200 seconds) after the start of the meas- 
urement, the reaction could be determined as having 
been completed at the point of 200 seconds. 
[0100] Specifically, for •, the reaction could be deter- 
mined as having been completed at an elapsed time of 
79 seconds. For ■, the reaction could be determined as 
having been completed at an elapsed time of 158 sec- 
onds. For x, however, since the reaction could not be 
determined as having been completed, this measure- 
ment was rendered invalid. Accordingly, as is clearfrom 
Fig. 16, when the protein concentration is 10 mg/dl, the 
accuracy is low, but such measurement could be ren- 
dered invalid. In the foregoing Embodiment 2, even 
when the accuracy is poor in such a low concentration 
range : the reaction is determined as having been com- 
pleted, and such a measurement is rendered valid, so 
that the reliability of the measurement may be impaired. 
In this embodiment, however, by making such measure- 
ments invalid, the reliability can be secured. 
[0101] As described above, according to this embod- 
iment, the concentration can be measured in a neces- 
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sary and sufficient measurement time while the accura- 
cy is ensured, so that the measurement time can be 
shortened. Further, it is possible to detect the degrada- 
tion in accuracy due to relatively insufficient completion 
of the reaction which may occur when the test liquid is 5 
in a low concentration range, so that the reliability can 
be improved. 

[0102] It is needless to say that the condition for de- 
termining the completion of a reaction is not limited to 
the above-described condition. That is, T, T2, and the 10 
predetermined range R2 expressed by formula (3) may 
be set as appropriate, according to various conditions 
such as the kind of the reagent liquid, the injection 
speed, the arrangement of the optical system : the ac- 
curacy required, the measurement time, the calibration 15 
curb, etc. 

Embodiment 4 

[0103] This embodiment uses the apparatus having 20 
the same structure as that illustrated in Figs. 8 and 9 
used in the foregoing Embodiments, but employs a dif- 
ferent method of determining the completion of a reac- 
tion. In the same manner as in Embodiment 3, the output 
signal of the photosensor 12 as illustrated in Figs. 10 25 
and 16 is used to calculate and determine the concen- 
tration. However, unlike Embodiment 3, this embodi- 
ment also uses an output signal SO of the photosensor 
12 before the injection of the reagent liquid. Also, in or- 
der to facilitate the understanding of S1 values, Fig. 15 30 
showed a graph in which the ordinate of Fig. 12 is ex- 
pressed logarithmically. 

[0104] Specifically, instead of the S1 used in Embod- 
iments 2 and 3, S1-S0 is used as an evaluation index. 
That is, (d(S1-S0)/dt)/(S1-S0) is used as the index. 35 
However, since SO is evaluated as being independent 
of time, the equation d(S1-S0)/dt = dS1/dt holds, and 
whether or not (dS1/dt)/(S1 -SO) is in a predetermined 
range R3 is evaluated. 

[0105] Therefore, homogenization and/or reaction 40 
completion is determined when (dS1/dt)/(S1 -SO) has 
been in the predetermined range R3 for a predeter- 
mined period of time T3 within a predetermined period 
of time T 

[0106] Except for the above differences, this method 45 
is the same as that of Embodiment 3, Accordingly, it is 
possible to detect the relative degradation in accuracy 
in the case of using a low-concentration test liquid, as 
described in Embodiments, without being influenced by 
the turbidity of the test liquid before the injection of the 50 
reagent liquid. 

[0107] As described above, this embodiment can de- 
tect the degradation in accuracy due to relatively insuf- 
ficient completion of the reaction which may occur in the 
case of a low-concentration-range test liquid, without 5 $ 
being influenced by the turbidity of the test liquid itself, 
so that the reliability can be further improved. 



Embodiment 5 

[0108] Referring now to Fig. 17, Embodiments of the 
present invention is described in detail below. In Fig. 1 7, 
the constituent elements represented by reference 
characters 1 to 12 are the same as the constituent ele- 
ments represented by reference characters 1 to 12 in 
Fig. 8, and they function in the same manner. Like the 
injection port 2, an injection port 13 is disposed in the 
side face of the sample cell 1 having no optical window 
and has an internal diameter (diameter) of 0.1 cm. A 
pump 14 injects a reagent liquid into a test liquid in the 
sample cell 1 from the injection port 13. Also, an arrow 
15 indicates the injection direction in which the reagent 
liquid is injected from the injection port 13. In this em- 
bodiment, more than one kind of reagent liquid or the 
like is injected. For example, a buffer solution is first in- 
jected into the test liquid in the sample cell 1 , and then, 
an antibody reagent liquid or the like is injected. 
[0109] In this embodiment, following the injection of 
the buffer solution, which is a first reagent liquid, after 
the first reagent liquid and the test liquid are determined 
as having been homogenized, the optical property of the 
liquid mixture is measured. Subsequently, the antibody 
reagent liquid, which is a second reagent liquid, is in- 
jected, and after the completion of the reaction, the op- 
tical property of the liquid mixture is measured, to deter- 
mine the concentration. In the following, a method of de- 
termining homogenization and determining reaction 
completion according to the methods described in Em- 
bodiments 1 to 4 is described with reference to Fig. 18. 
[0110] First, urine samples (test liquids) having hu- 
man serum albumin concentrations of 0.1 mg/dl, 0.3 mg/ 
dl, 1.0 mg/dl, and 3.0 mg/dl were prepared by adding 
human serum albumin to urine from which human serum 
albumin was not detectable (substantially zero concen- 
tration). Also, a 0.05 M MOPS buffer solution was pre- 
pared as the first reagent solution (R1). Then, an anti- 
body reagent liquid (R2) was prepared as the second 
reagent liquid by purifying the antibody component of 
antihuman albumin rabbit serum. 

[0111] Thereafter, 0.2 ml of each test liquid was intro- 
duced into the sample cell 1 , at which point the photo- 
sensor 12 started measuring the intensity of scattered 
light (elapsed time of 0 seconds). At an elapsed time of 
20 seconds, the buffer solution serving as the first rea- 
gent solution (R1) was injected over 2 seconds. Then, 
using the method described in any of the above-men- 
tioned embodiments, the first reagent liquid and the test 
liquid were determined as having been homogenized. 
At the point when homogenization was determined, the 
optical property of the liquid mixture was measured. Up- 
on the lapse of a predetermined period of time T4 from 
the point when homogenization was determined, the an- 
tibody reagent liquid serving as the second reagent liq- 
uid was injected over 2 seconds. In other words, during 
the period of time from the point when homogenization 
was determined until the lapse of the predetermined pe- 
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hod of time T4, the optical property of the liquid mixture 
was measured to obtain an output signal SO. Then, us- 
ing the method described in any of the above-mentioned 
embodiments, the reaction associated with the second 
reagent liquid was determined as having been complet- 5 
ed, and then the optical property of the liquid mixture 
was measured to obtain an output signal S1 . It was con- 
firmed that the difference between SO and S1 thus ob- 
tained was proportional to the human serum albumin 
concentration of the test liquid. 10 
[0112] Likewise, in the case of using more than two 
kinds of reagent liquids, each reagent liquid is injected, 
and after the lapse of a predetermined period of time 
from the point of the determination of homogenization 
or reaction completion, the next reagent liquid is inject- 15 
ed. In each stage, after the point of the determination of 
homogenization or reaction completion and before the 
injection of the next reagent liquid, the optical property 
is measured if necessary, and the concentration is cal- 
culated based on the measured value. 20 
[01 1 3] As described above, according to this embod- 
iment, the optical property is measured after determin- 
ing homogenization and/or reaction completion follow- 
ing the injection of each reagent liquid, and thereafter, 
the next reagent liquid is injected. Therefore, the respec- 25 
tive impacts of the reagent liquids can be distinguished 
in making measurements, thereby resulting in high reli- 
ability. For example, in measuring the concentration of 
a specific antigen in a test liquid, the turbidity may be 
measured by mixing the test liquid and a buffer solution 30 
in advance and then mixing an antibody reagent liquid. 
In this case, the turbidity due to the antibody-antigen 
combination, which is a specific binding reaction, can 
be distinguished from the turbidity of the test liquid itself 
and the turbidity resulting from the mixing of the test liq- 35 
uid andthe buffer solution in making measurements. Ac- 
cordingly, only the specific antigen can be specifically 
detected, and hence, the reliability of measurements 
can be ensured. It should be noted that the predeter- 
mined period of time T4 is zero or more, and that it may 40 
be any period of time during which the optical property 
can be measured. 

Industrial Applicability 

45 

[0114] As described above, the present invention 
needs only a period of time necessary for homogeniza- 
tion and/or completion of a reaction. That is, the inven- 
tion only requires that the necessary condition be satis- 
fied with respect to the measurement time. Therefore, 50 
the measurementtimecan be shortened, which is highly 
practically effective, and more efficient and labor-saving 
measurements and tests become possible. Further, 
since measurements with poor accuracy can be ren- 
dered invalid, the reliability is high. Also, the concentra- 55 
tion can be measured by specifically detecting only a 
specific component of a test liquid, which is greatly prac- 
tically effective. The invention is applicable to, for exam- 



ple, urinalysis. 



Claims 

1. A method for determining homogenization and/or 
reaction completion, comprising the steps of: 

(1) mixing a test liquid and a reagent liquid to 
obtain a liquid mixture; 

(2) measuring an optical property of said liquid 
mixture after the mixing continuously or a plu- 
rality of times discretely; 

(3) obtaining a relation between the measured 
value of the optica! property obtained and the 
elapsed period of time since the start of the 
measurement after the mixing; and 

(4) determining, on the basis of said relation, 
whether said test liquid and said reagent liquid 
have been substantially homogeneously mixed 
with each other and/or a reaction between said 
test liquid and said reagent liquid has been sub- 
stantially completed. 

2. The method for determining homogenization and/ 
or reaction completion in accordance with claim 1 , 
wherein 

said step (3) is a step of obtaining dS1/dt 
(wherein S1 is the measured value of the optical 
property obtained and T is the elapsed period of 
time since the start of the measurement after the 
mixing), and 

said step (4) is a step of determining that said 
test liquid and said reagent liquid have been sub- 
stantially homogeneously mixed with each other 
and/or the reaction between said test liquid and said 
reagent liquid has been substantially completed, 
when the dS1/dt has continuously been in a prede- 
termined range R1 for a predetermined period of 
time T1 or longer. 

3. The method for determining homogenization and/ 
or reaction completion in accordance with claim 1 , 
wherein 

said step (3) is a step of obtaining (dS1/dt)/S1 
(wherein S1 is the measured value of the optical 
property obtained and T is the elapsed period of 
time since the start of the measurement after the 
mixing), and 

said step (4) is a step of determining that said 
test liquid and said reagent liquid have been sub- 
stantially homogeneously mixed with each other 
and/or the reaction between said test liquid and said 
reagent liquid has been substantially completed, 
when the (dS1/dt)/S1 has continuously been in a 
predetermined range R2 for a predetermined period 
of time T2 or longer. 
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4. The method for determining homogenization and/ 
or reaction completion in accordance with claim 1 , 
wherein a measurement is rendered invalid when 
homogenization and/or reaction completion has not 
been determined within a predetermined period of 5 
time T from the start of the measurement. 

5. A method for determining homogenization and/or 
reaction completion, comprising the steps of: 

10 

(1) mixing a test liquid and a reagent liquid to 
obtain a liquid mixture; 

(2) measuring an optical property of said test 
liquid and said liquid mixture continuously, or, 
measuring an optical property of said test liquid 15 
at least once and measuring an optical property 

of said liquid mixture after the mixing a plurality 
of times discretely; 

(3) obtaining a relation between the measured 
value of the optical property obtained and the 20 
elapsed period of time since the start of the 
measurement after the mixing; and 

(4) determining, on the basis of said relation, 
whether said test liquid and said reagent liquid 
have been substantially homogeneously mixed 25 
with each other and/or the reaction between 
said test liquid and said reagent liquid has been 
substantially completed. 

6. The method for determining homogenization and/ so 
or reaction completion in accordance with claim 5, 
wherein 

said step (3) is a step of obtaining (dSVdt)/ 
(S1-S0) (wherein SO is the measured value of the 
optical property of said test liquid, S1 is the meas- 35 
ured value of the optical property of said liquid mix- 
ture, and T is the elapsed period of time since the 
start of the measurement after the mixing), and 

said step (4) is a step of determining that said 
test liquid and said reagent liquid have been sub- 40 
stantially homogeneously mixed with each other 
and/or the reaction between said test liquid and said 
reagent liquid has been substantially completed, 
when the (dS1/dt)/(S1 -SO) has continuously been 
in a predetermined range R3 for a predetermined 45 
period of time T3 or longer. 

7. The method for determining homogenization and/ 
or reaction completion in accordance with claim 5, 
wherein a measurement is rendered invalid when 50 
homogenization and/or reaction completion has not 
been determined within a predetermined period of 
time T from the start of the measurement. 

8. A method for measuring solution concentration, 55 
comprising the steps of: 

(1) mixing a test liquid and a reagent liquid to 



obtain a liquid mixture; 

(2) measuring an optical property of the liquid 
mixture after the mixing continuously or a plu- 
rality of times discretely; 

(3) obtaining a relation between the measured 
value of the optical property obtained and the 
elapsed period of time since the start of the 
measurement after the mixing; 

(4) determining, on the basis of said relation, 
whether said test liquid and said reagent liquid 
have been substantially homogeneously mixed 
with each other and/or a reaction between said 
test liquid and said reagent liquid has been sub- 
stantially completed; and 

(5) determining the concentration of a specific 
component of said test liquid based on said 
measured value. 

9. The method for measuring solution concentration in 
accordance with claim 8, further comprising the 
step of mixing another reagent liquid with said test 
liquid, after determining that the said test liquid and 
said reagent liquid have been homogeneously 
mixed and/or the reaction therebetween has been 
substantially completed. 

1 0. The method for measuring solution concentration in 
accordance with claim 9, wherein another reagent 
liquid is mixed with said test liquid upon the lapse 
of a predetermined period of time T4 after determin- 
ing that the said test liquid and said reagent liquid 
have been homogeneously mixed and/or the reac- 
tion therebetween has been substantially complet- 
ed, and the optical property of said liquid mixture is 
measured prior to the lapse of the predetermined 
period of time T4. 

1 1 . The method for measuring solution concentration in 
accordance with claim 8, wherein a measurement 
is rendered invalid when homogenization and/or re- 
action completion has not been determined within 
a predetermined period of time T from the start of 
the measurement. 

12. A method for measuring solution concentration, 
comprising the steps of: 

(1) mixing a test liquid and a reagent liquid to 
obtain a liquid mixture; 

(2) measuring an optical property of said test 
liquid and said liquid mixture continuously, or, 
measuring an optical property of said test liquid 
at least once and measuring an optical property 
of said liquid mixture after the mixing a plurality 
of times discretely; 

(3) obtaining a relation between the measured 
value of the optical property obtained and the 
elapsed period of time since the start of the 
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measurement after the mixing; 

(4) determining, on the basis of said relation, 
whether said test liquid and said reagent liquid 
have been substantially homogeneously mixed 
with each other and/or a reaction between said 5 
test liquid and said reagent liquid has been sub- 
stantially completed; and 

(5) determining the concentration of a specific 
component of said test liquid based on said 
measured value. 10 

3. The method for measuring solution concentration in 
accordance with claim 12, further comprising the 
step of mixing another reagent liquid with said test 
liquid, after determining that the said test liquid and 15 
said reagent liquid have been homogeneously 
mixed and/or the reaction therebetween has been 
substantially completed. 

4. The method for measuring solution concentration in 20 
accordance with claim 1 3, wherein another reagent 
liquid is mixed with said test liquid upon the lapse 

of a predetermined period of time T4 after determin- 
ing that the said test liquid and said reagent liquid 
have been homogeneously mixed and/or the reac- 25 
tion therebetween has been substantially complet- 
ed, and the optical property of said liquid mixture is 
measured prior to the lapse of the predetermined 
period of time T4. 

30 

5. The methodfor measuring solution concentration in 
accordance with claim 12, wherein a measurement 
is rendered invalid when homogenization and/or re- 
action completion has not been determined within 

a predetermined period of time T from the start of 35 
the measurement. 



40 



45 



50 



55 



EP 1 484 598 A1 




FIG. 2 




16 



EP 1 484 598 A1 



o 



FIG. 3 



i-l 

a 

■H 
to 

4-> 
P 

O 



4-> 
CD 



1.40 



1. 20 



1.00 



rcJ 
<D 
-M 
+-» 
-H 

CO 

S 0.80 
u 

■M 

cn % 

>, w 0. 60 

tn g 

+1 o 0 
a £ 



1 1 1 x j 1 1 1 1 

• 
ft 
• 


1 . 1 . 1 


- — : — r t -t— 


] 1 — i — : — j — | — i — : — i — i — 

* * 

* * 


: L 


; a 

i j 




b 

1 


• • 

• w 

• * 

■ * — 

: : C 

i \ J - 

i i y 




n 








■ / • 

* / ' 










- 














: w : 

: 1 




C 










1 1 








- 

- 


III 1 


, , , . i 


• —i... i i I 


i i i • i 


I 1 . 1 1 


« t • ■ 



10 

t 



20 



30 
T i me (S) 



40 



Injection of pure water 

Elapsed, time (second) 



50 



60 



17 



EP 1 484 598 A1 



F I G. 4 

























o 






0 








-p 




-H 


M 


£ 


0) 




ft 


an 




u 


in 








U 


4-1 


O 


O 


cn 




c: 


OJ 


<D 




cn 


>i 


O 


-M 




-H 


O 


W 




C 




<2> 






4-1 




O 


-H 




C 


> 






d) 




Cn 


cd 




cs 


S 


O) 


X! 


iH 


O 


w 


m 


+-> 


o 






Pi 


a) 


■M 






cd 


O 


PS 





CO 



0. 10 



0.08 - 



0.06 - 



0.04 - 



0. 02 



0.00 




0 



10 

I 



20 30 
T i me (S) 



40 



50 



60 



Injection of pure water 



Elapsed time (second) 



18 



EP 1 484 598 A1 



F I G. 5 



& +J 

4-» M 

+-> 0) 

•H p< 

E 

w ^ 

+ J o 

CO 

O <D 

co o 

>i O T3 

f £ N 

H pi W 

a) o 

•H > 

a ^ 

•H rH 

© c3 

5 ^ 

«H Hi 

O +J 

© o 

-p ^ 
td 



2.00x10 



-3 



1 . 50xt0 



-3 



- 



-3 



1.00x10 



5. 00x10" 



0. 00x10° 



-5. 00x10" 



-1.00x10 



-3 



-3 



-1.50x10 



-2_00x10~ 3 * 



- — : — i — t: 



TT"T 



J ! L 



i 

^ i 

> - _v^*- ........ 

1 



t — i — i — i — j — r 



t — r 



I ' ' ■ 1 I 



j I 



I I i I , I 




J t_ 



J L 



J I * I 



0 



10 



1 



20 30 
Time(S) 



40 



50 



Injection of pure water 



Elapsed time (second) 



19 



EP 1 484 598 A1 



FIG. 6 




Elapsed time (second) 



20 



EP 1 484 598 A1 



FIG. 7 
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FIG. 10 
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FIG. 11 
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FIG- 12 
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FIG. 13 
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FIG. 14 
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